ELECTRIC MOTOR 



The present disclosure relates to the subject matter disclosed in German 
application No. 103 12 869.7 of March 19, 2003, which is incorporated herein 
by reference in its entirety and for all purposes. 

BACKGROUND OF THE INVENTION 

The invention relates to an electric motor, in particular a brushless electric 
motor, comprising a rotor, a stator, a motor housing receiving the rotor and 
the stator, a first bearing, disposed on the motor housing on a first side of the 
rotor, and a second bearing, disposed on a second side of the rotor lying 
opposite the first side, for the rotatable mounting of the rotor about a rotor 
axis. 

Such electric motors are known from the prior art. 

With them there is the problem when the motor is being assembled, in 
particular when the rotor is being fitted into the motor housing, of being able 
to position the bearings with the necessary precision, in particular with regard 
to the spacing in the direction of the rotor axis. 
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SUMMARY OF THE INVENTION 

This problem is solved in the case of an electric motor of the type described at 
the beginning according to the invention by the motor housing comprising a 
housing body, which receives the stator, and a flange body, which receives the 
second bearing and can be mounted on the housing body, and by the flange 
body, when it is in an axial end position in relation to the rotor axis, being 
guided on the housing body against a movement transversely to the rotor axis 
and being fixed in relation to the housing body against a movement in the 
direction of the rotor axis by means of first positively connecting features, 
provided on the flange body, and second positively connecting features, 
provided on the housing body, which features can be brought into operative 
connection with one another by a relative movement of the flange body and 
housing body. 

The advantage of the solution according to the invention can be seen in that it 
provides the possibility, when assembling the motor housing, of on the one 
hand easily mounting the second bearing on the housing body and on the 
other hand disposing it in relation to the first bearing in a position required for 
precision mounting and guidance of the rotor. 

In particular, the solution according to the invention is advantageous 
whenever the bearings are to be mounted on the motor housing such that 
they are biased in relation to one another by an elastic energy store, that is to 
say acted upon in the direction of one another. 

With regard to the forming of the positively connecting features themselves, a 
wide variety of possibilities are conceivable. 
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For example, the two positively connecting features could be interacting 
threads. 

A particularly advantageous solution provides that the positively connecting 
features are formed in such a way that they can be brought into engagement 
with one another by a relative movement with respect to one another in the 
direction of the rotor axis. 

Furthermore, it is advantageously provided that the positively connecting 
features are formed in such a way that they can be fixed relative to one 
another against a movement in the direction of the rotor axis by a turning 
movement relative to one another about the rotor axis. 

A commonly used form for such positively connecting features provides that 
they interact in the manner of a bayonet fastener. 

With regard to simplest possible production of such positively connecting 
features, an advantageous solution provides that the one positively connecting 
features are formed by path followers and the other positively connecting 
features are formed by guide paths for the path followers. 

In the case of the solution according to the invention, the positively connecting 
features could in principle be formed in such a way that various axial end 
positions of the flange body in relation to the housing body can be fixed by 
them. 

It is particularly advantageous, however, if a single axial end position of the 
flange body in relation to the housing body can be fixed by the positively 
connecting features. 
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It is particularly advantageous if the positively connecting features are formed 
in such a way that, in the axial end position, the flange body can be turned in 
relation to the housing body without changing this axial end position. 

To allow the axial end position to be reached as easily as possible when 
mounting the flange body, the flange body can be brought into the axial end 
position while being guided by guiding elements acting parallel to the rotor 
axis. 

With regard to the way in which the flange body is disposed in relation to the 
housing body, no details have been given so far. For example, the form taken 
could be such that the flange body can be placed against one side of the 
housing body, for example in the manner of a covering engaging over this 
side. 

A solution that is particularly advantageous in structural terms provides that 
the flange body can be inserted into an opening in the housing body. 

In the case of such a solution, the guiding elements can be formed particularly 
advantageously by being formed by a circumferential surface of the flange 
body and an inner surface of the opening, facing the flange body. 

Furthermore, there is the possibility of forming the second positively 
connecting features in such a way that they are disposed at the opening in the 
housing body receiving the flange body. 
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The positively connecting features are in this case preferably disposed in the 
housing body in the region of an inner surface of the opening, facing the 
inserted flange body. 

In the case of this solution, there is also the possibility of forming the first 
positively connecting features in such a way that they are disposed on a side 
of the flange body facing the opening. 

In this case, the first positively connecting features are preferably disposed on 
the circumferential surface of the flange body. 

In connection with the forming of the housing body in such a way that the 
flange body can be inserted into an opening in the same, no details have been 
given so far concerning the function of the opening. For example, the opening 
could merely be an opening of a recess provided in the housing body for 
receiving the flange body. 

A particularly suitable solution, which offers advantages in particular when the 
electric motor according to the invention is being assembled, provides that the 
opening is an access opening for an interior space of the housing, with the 
result that the opening can at the same time be used during the assembly of 
the electric motor to gain access to the interior space of the housing body. 

In this connection it is particularly suitable if the opening in the housing body 
is dimensioned in such a way that the rotor can be inserted through it into the 
motor housing. 
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In particular whenever the motor is to be mounted in the motor housing by 
two bearings acted upon in the direction of one another, it is provided in the 
case of a preferred exemplary embodiment of the solution according to the 
invention that the second bearing is supported in the axial direction on the 
flange body by means of a resilient element, with the result that, when the 
axial end position of the flange body is reached, the resilient element is 
prestressed and the second bearing is acted upon by this prestressing in the 
direction of the first bearing. 

Such a solution can be realized particularly advantageously by the flange body 
having a receptacle for the second bearing, in which the second bearing is 
movable in the axial direction with respect to the rotor axis in relation to the 
flange body. 

The receptacle for the second bearing could be a receptacle additionally 
disposed on the flange body. 

A particularly simple solution in structural terms provides that the receptacle 
for the second bearing is formed as a hollowing-out provided in the flange 
body. 

In connection with the description so far of exemplary embodiments of the 
electric motor according to the invention, it has not been stated in detail where 
a sensor by which the rotational movements and rotational positions of the 
rotor are to be sensed can be disposed. 

For this reason, a particularly advantageous exemplary embodiment provides 
that at least one sensor sensing rotational movements of the rotor is disposed 
on a side of the flange body facing the rotor. 
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Such a disposition of the sensor improves the ease with which the electric 
motor according to the invention can be mounted. 

The sensor could in principle be any kind of sensor by which the rotational 
movements of the rotor can be sensed. A particularly advantageous solution 
provides that the at least one sensor is formed as a magnetic field sensor 
facing sensor magnets of the rotor, such a magnetic field sensor being, for 
example, a Hall sensor or magnetoresistive sensor. 

Such a sensor could be disposed, for example, on the housing body. 

A particularly advantageous solution provides that a sensor board with the at 
least one sensor is disposed on a side of the flange body facing the rotor. 

Such a sensor board could be placed for example into the housing body. It is 
particularly advantageous, however, if the sensor board can be simultaneously 
turned at least with the flange body and there is consequently the possibility, 
by turning the flange body, of adjusting the sensor board with regard to its 
rotational position in relation to the stator and rotor. 

The sensor board can be adjusted and positioned particularly advantageously if 
the sensor board is fixedly connected to the flange body, since in this way the 
axial end position of the flange body can also be used at the same time to fix 
the axial end position of the sensor plate in a defined manner. 

The sensor board is in this case preferably connected to the flange body by 
means of positively connecting elements. 
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To allow the sensor board to be disposed as close as possible to the rotor, and 
on the other hand to allow an advantageous receptacle for the second bearing 
to be realized on the flange body, it is preferably provided that the second 
bearing is disposed on the flange body on a side of the sensor board facing 
away from the rotor. 

Easy mounting of the electric motor according to the invention also 
presupposes that an electrical connection from the outside to the sensor board 
can be created in a simple way. This can be realized particularly 
advantageously by a cable leading away from the sensor board being led 
through a cut-away portion in the flange body. 

To allow this cable to be introduced into the cut-away portion in a simple way 
during the mounting of the sensor board on the flange body, it is preferably 
provided that the cut-away portion is open toward an outer side of the flange 
body. 

In the case of the embodiments described so far of the electric motor 
according to the invention, nothing has been stated concerning the extent to 
which the flange body is fixed in relation to the housing body in the axial end 
position after adjusting the at least one sensor. 

In order to maintain the adjustment of the at least one sensor that can be 
achieved by turning the flange body for example, it is preferably provided that 
the flange body can be fixedly connected to the housing body, there being 
various ways in which such a fixed connection between the flange body and 
the housing body can be realized. 
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A particularly simple solution provides that the fixed connection between the 
flange body and the housing body takes place by adhesive bonding. It would 
also be conceivable, however, to provide a screw connection or similar 
connections that permanently fix the position of the flange body with respect 
to the housing body. 

Furthermore, no details have been given with regard to the way in which the 
first bearing is disposed on the housing body. It is particularly advantageous if 
the housing body has on a side lying opposite the flange body a bearing flange 
receiving the first bearing. 

This bearing flange could for its part be able to be mounted separately on the 
housing body. 

The solution according to the invention can be realized at particularly low cost, 
however, if the bearing flange is connected integrally to the housing casing of 
the housing body, with the result that, when the electric motor according to 
the invention is being assembled, the measures according to the invention 
merely have to be used to achieve an exact positioning of the second bearing 
in relation to the housing body. 

In the case of a version of the electric motor according to the invention that is 
advantageous in production engineering terms, it is provided that the housing 
body is formed from a cured composition embedding the stator, with the result 
that the form of the housing body itself can be produced by simple production 
processes, such as pouring of the curing composition into a mold or injection 
of the curing composition into a mold. 
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Further features and advantages of the invention are the subject of the 
description which follows and of the graphic representation of several 
exemplary embodiments. 



BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1 shows a longitudinal section through an electric motor according 
to the invention in the assembled state; 

Figure 2 shows an exploded representation of the electric motor according 
to the invention before fitting of a rotor and a flange body; 

Figure 3 shows a section along line 3-3 in figure 1; 

Figure 4 shows a further-enlarged exploded representation of a flange 
body before fitting of a second bearing and a sensor board and 

Figure 5 shows a perspective representation of a flange body provided with 
the sensor board and the second bearing. 



DETAILED DESCRIPTION OF THE INVENTION 

An exemplary embodiment of a brushless electric motor according to the 
invention, as represented in figures 1, 2 and 3, comprises a motor housing 10, 
in which a rotor, designated as a whole by 12, is mounted rotatably about a 
rotor axis 14. 
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The rotor 12 is in this case formed by a rotor body 16, which is seated on a 
rotor shaft 18, rotatable coaxially with respect to the rotor axis 14, and carries 
magnetic poles 22, 24, which are disposed on an outer surface 20 and are 
usually disposed as pairs of magnetic poles on the rotor body 16, the rotor 
body 16 forming a return circuit body for the magnetic poles 22, 24. 

Furthermore, the rotor 12 is provided with a sensor magnet disk 26, which for 
its part is seated on a return circuit body 28, which is likewise disposed on the 
rotor shaft 18 and is disposed for example in front of a rear end face 30 of the 
rotor body 16, a shielding ring 32 being additionally provided between the 
return circuit body 28 and the rotor body 16 as well as the magnetic poles 24. 

The return circuit body 28 and the sensor magnet disk 26 have in this case a 
radial extent which corresponds at most to the radial extent of the magnetic 
poles 22, 24 in relation to the rotor axis 14. 

The mounting of the rotor 12 takes place, as represented in figure 1, by 
means of a first bearing 34, the outer bearing ring 38 of which is held in a 
front bearing flange 36 of the motor housing 10, while an inner bearing ring 40 
is seated on the rotor shaft 18. Furthermore, the inner bearing ring 40 of the 
first bearing engages against a continuation 42, extending in a sleeve-like 
manner from the rotor body 16, and consequently supports the rotor 12 also 
in the direction parallel to the rotor axis 14. 

Furthermore, the rotor 12 is rotatably mounted in the motor housing 10 on a 
side lying opposite the first bearing 34 by a second bearing 44, which is 
disposed in a flange body 46 (to be described in more detail below) of the 
motor housing 10, which is disposed on a side of the motor housing 10 lying 
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opposite the front bearing flange 36. In this case, the second bearing 44 has 
an outer bearing ring 48 and an inner bearing ring 50, the inner bearing ring 
50 likewise being seated on the rotor shaft 18. Supported on the inner 
bearing ring 50 is a sleeve-like continuation 52, which is formed for example 
as a continuation 52 of the return circuit body 28 of the sensor magnet disk 26 
and extends from the rear end face 30 of the rotor body 16 up to the inner 
bearing ring 50. 

The fact that the sleeve-like continuation 52 is supported on the rotor body 16 
and the rotor body 16 for its part has the sleeve-like continuation 42, which 
engages against the inner bearing ring 40 of the first bearing 34, means that 
the inner bearing rings 40 and 50 are positioned by the rotor 12 with a fixed 
predetermined spacing in the direction of the rotor axis 14. 

Furthermore, one of the bearings 34, 44, for example the second bearing 44, 
is preferably acted upon in the direction parallel to the rotor axis 14 by a 
resilient ring 54, which is supported on the one hand on the flange body 46 
and on the other hand on the outer bearing ring 48 of the second bearing 44, 
the outer bearing ring 48 being guided for this purpose such that it can be 
displaced in the direction of the rotor axis 14 in a cylindrical bearing receptacle 
56 of the flange body 46, formed as a hollowing-out 58 (figure 4) in the flange 
body 46 that is disposed in the flange body and open toward the rotor body 
16, but aligned in such a way that it is always centered with respect to the 
rotor axis 14, with the result that by virtue of the resilient ring 54, the two 
bearings 34, 44 experience constant application of a force in the direction 
parallel to the rotor axis 14 and they consequently run in a manner 
substantially free from play. 
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Also held in the motor housing 10 is a stator 62 disposed around the rotor 12, 
the motor housing 10 preferably being formed from a cured embedding 
composition 65 of plastic, in which the stator 62 is embedded. 

The embedding composition 65 also forms a housing casing 64, which radially 
encloses the stator 62 on the outside, and also the front bearing flange 36, 
which is preferably formed integrally onto the housing casing 64, with a 
receptacle 66 for the first bearing 34 and an aperture 68, through which a first 
end 70 of the rotor shaft 18 protrudes. 

Also formed onto the housing casing 64 on the side lying opposite the front 
bearing flange 36 is a flange body receptacle 72, which receives the flange 
body 46 by the flange body 46 being able to be inserted into an opening 74 in 
the flange body receptacle 72. 

The flange body receptacle 72, the housing casing 64 and the front bearing 
flange 36 altogether form a unitary one-piece housing body 76, which has the 
aperture 68 for the front end 70 of the rotor shaft 18 and the opening 74 as 
the only openings, of which the opening 74 can be closed by the flange body 
46 that can be inserted into it, with the result that, when the flange body 46 is 
inserted in the opening 74, the motor housing 10 is closed on all sides with the 
exception of the aperture 68. 

For supplying current to windings 78 of the stator 62, winding terminals 80 
coming from the motor housing 10 are provided, preferably in the region of 
the flange body receptacle 72, for example in the form of terminal lugs 
projecting beyond the flange body receptacle 72, the winding terminals 80 and 
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leads running between the winding terminals 80 and the windings 78 likewise 
being embedded in the flange body receptacle 72 by an embedding 
composition 81 (figure 3). 

As represented in figures 1 and 2, the flange body 46 is preferably formed as a 
body with a cylindrical circumferential surface 82, which is coaxial with respect 
to the rotor axis 14 and can be made to engage against a cylindrical inner 
surface 84 of the opening 74 that likewise runs coaxially with respect to the 
rotor axis 14 of the electric motor, the flange body 46 being able to be 
introduced into the opening 74 of the flange body receptacle 72 by the 
circumferential surface 82 and the inner surface 84, which both act as guiding 
elements, being guided coaxially with respect to the rotor axis 14. 

As represented in figure 2, the opening 74 for receiving the flange body 46 has 
such a diameter, seen radially with respect to the rotor axis 14, that the entire 
rotor 12 can be introduced through the opening 74 into an interior space 86 of 
the motor housing 10 from the side of the flange body receptacle 72, the front 
end 70 of the rotor shaft 18 being able to be pushed through the aperture 68 
in the front bearing flange 36 from the interior space 86 of the motor housing 
10 outward, and thereby passing through the inner bearing ring 40 of the first 
bearing 34. 

For fixing the flange body 46 in the opening 74 of the flange body receptacle 
72, the flange body 46 is provided with first positively connecting features 90 
and the flange body receptacle 72 is provided with second positively 
connecting features 92. 
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The first positively connecting features 90 are in this case for example pins 94 
projecting radially beyond the circumferential surface 82, while the second 
positively connecting features 92 form receptacles for the pins 94, to be 
precise an annular groove 96 which runs around the opening 74 in the form of 
a ring around the rotor axis 14, is recessed with respect to the inner surface 
84 and from which there run parallel to the rotor axis 14 introduction grooves 
98, which on the one hand are likewise open toward the inner surface 84 and 
on the other hand form on a rear side 102 of the flange body receptacle 72 an 
introduction opening 100, through which the pins 94 can be introduced in the 
first instance into the introduction grooves 98 and then from the introduction 
grooves 98 into the annular groove 96. 

The pins 94 have in this case such an extent in the direction of the rotor axis 
14 that they lie in a substantially exactly guided manner between opposing 
side walls 104 and 106 of the annular groove 96, and consequently an exact 
positioning of the flange body 46 in the direction of the rotor axis 14 in relation 
to the housing body 76 takes place in its axial end position with respect to the 
rotor axis 14 (figures 1 and 3) by the annular groove 96 together with the pins 
94. 

The side walls 104 and 106 preferably form guiding surfaces lying in planes 
108 and 110 that are parallel to one another, perpendicular orientation of the 
planes 108 and 110 with respect to the rotor axis 14 having the effect that 
movement of the pins 94 in the annular groove 96 does not lead to any 
displacement of the flange body 46 in the direction of the rotor axis 14 - apart 
from the process of introducing the pins 94 into the annular groove 96 - with 
the result that the flange body 46 is adjustable with regard to its rotational 
position in relation to the flange body receptacle 72 while maintaining its axial 
end position in relation to the rotor axis 14 (figure 1 and figure 3). 
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The exact axial end position of the flange body 46 in relation to the housing 
body 76 also has the effect that the resilient ring 54, which is supported on an 
annular surface 112 of the flange body 46, can be exactly positioned in such a 
way that it acts upon the outer bearing ring 48 of the second bearing 44 with a 
substantially constant force, in order in this way to keep the unit comprising 
the second bearing 44, the rotor 12 and the first bearing 34 in the motor 
housing 10 by this force applied in the direction of the rotor axis 14. 

The rotatability of the flange body 46 in relation to the receptacle 72 that is 
required in addition to the exact axial end position of said flange body with 
respect to the rotor axis 14 is required to allow magnetic field sensors 120 on 
a sensor board 122 to be positioned exactly with respect to the stator 62 and 
the rotor 12, the sensor board 122 lying on a front side 124 of the flange body 
46 facing the rotor 12 and being held rotationally fixed in relation to the flange 
body 46 by positioning pins 126 of the flange body 46, which engage in 
corresponding recesses 128 in the sensor board 122. 

With the flange body 46 inserted in the flange body receptacle 72, this allows 
the entire sensor board 122 to be positioned in the axial end position in such a 
way that the magnetic field sensors 120 are disposed with a defined spacing 
opposite the sensor magnet disk 26, and to be adjusted exactly in relation to 
the stator 62 by turning about the rotor axis 14, in order to sense exactly 
rotational positions of the sensor magnet disk 26, and consequently rotational 
positions of the rotor 12, in relation to the motor housing 10 (figure 1). 

To have sufficient installation space available on the sensor board 122, the 
sensor board 122 is provided with a central aperture 130, through which the 
rotor shaft 18 reaches, in order to pass through the inner bearing ring 50 
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of the second bearing 44, which is seated in the bearing receptacle 56, which 
extends as a hollowing-out 58 from the front side 124 into the flange body 46, 
with the result that the second bearing 44 is disposed on a side of the sensor 
board 122 facing away from the rotor body 16. 

For the electrical contacting of the sensor board 122, a ribbon cable 132 leads 
from the latter via a corresponding cut-away portion 134 that is in the flange 
body 46 and open toward the circumferential surface 82 to a plug-in connector 
136 lying outside the motor housing 10. 

When the electric motor according to the invention is being assembled, the 
flange body 46 is in the first instance provided with the second bearing 44, the 
spring ring 54 being inserted into the bearing receptacle 56 first, followed by 
insertion of the second bearing 44. Subsequently, the sensor board 122 is 
mounted in a rotationally fixed manner on the flange body 46 by the 
positioning pins 126 being brought into engagement with the recesses 128 in 
the sensor board 122 and the sensor board 122 being placed on the front side 
124 of the flange body 46 and secured. Furthermore, the ribbon cable 132 is 
placed into the cut-away portion 134 from an outer side (figure 5). 

The assembled unit comprising the flange body 46, the second bearing 44 and 
the sensor board 122 with the magnetic field sensors 120 can be placed onto 
the rotor shaft 18 via the opening 74 before introduction of the rotor 12 into 
the housing body 76, in such a way that said rotor shaft passes through the 
inner bearing ring 50 of the second bearing 44, and consequently the flange 
body 46 is already aligned coaxially with respect to the rotor shaft 18. 
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The rotor can then be introduced into the housing body 76 in the way already 
described via the opening 74 in said housing body, introduction of the rotor 
body 16 through the opening 74 being followed by introduction into the latter 
of the flange body 46, the circumferential surface 82 of which is guided, 
centralized by the inner surface 84 of the flange body receptacle 72, to the 
final position of the rotor axis 14 in relation to the housing body 76, the 
insertion of the flange body 46 into the opening 74 being accompanied at the 
same time by the pins 94 entering the introduction grooves 98 through the 
introduction opening 100, in order to reach the annular groove 96 via the 
introduction grooves 98. 

Turning the pins 98 in a bayonet-like manner in relation to the annular groove 
96 has the effect of fixing the flange body 46 in its axial end position with 
respect to the rotor axis 14 and further turning of the flange body 46 
accompanied at the same time by turning of the sensor board 122 allows the 
latter to be aligned together with the magnetic field sensors 120 into a specific 
rotational position in relation to the stator 62 in the motor housing 10, without 
the position of the flange body 46 in the direction of the rotor axis 14 being 
changed. Consequently, a final adjustment of the sensor board 122 takes 
place by the turning of the flange body 46 and final positioning of the flange 
body 46 in relation to the housing body 76, and consequently also with respect 
to the stator 62. 

Subsequently, fixing of the flange body 46 in the flange body receptacle 72 
can take place, for example by adhesive composition 138 being introduced into 
a gap 140 between the circumferential surface 82 and the inner surface 84. 
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Furthermore, sealing in the region of the ribbon cable 132 passing through the 
cut-away portion 134 can also take place, with the result that a hermetically 
sealed termination of the motor housing 10 takes place in the region of the 
flange body 46 and the led-through ribbon cable 132, accompanied at the 
same time by permanent fixing of the flange body 46 in relation to the housing 
body 76 (figure 1). 
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